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Distributed Generation Terminology

+DG, DER
*What is Distributed Generation?

*Difference between DG and DER

eMicrogrids and Power Parks
s*Are they different?
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Distributed Generation Technologies

— Reciprocating Engines
— Combustion Turbines
— Microturbines

— Fuel cells

— Energy Storage

— Photovoltaics

— Wind

— Hybrids

— Others
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Outline of Segment

+Schematics and functional detail of technologies

eCommercial readiness and some manufacturers

<+*Models and sizes

¢Cost and Performance
<+FEMP Table
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Schematic of Reciprocating Engine
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Commercial Readiness and Manufacturers:
Reciprocating Engines

oFuels: Diesel, Natural Gas and Biogas

eMature commercial technology
+Well established worldwide manufacturing/service base

+Over 60 GW of installed capacity in the US alone
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Manufacturer: Waukesha
Fuel: Natural Gas

RPM: 750 — 1,000
Rating 1,500 — 2,000 kW
Heat Rate: 9,500 — 9,900 btu/kWh
Duty: Continuous
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Owner: City of Tucson
Manufacturer: Jenbacher/GE

Fuel: Natural Gas

i Rating 1,600 kW

Heat Recovery: 4.3 mmBTU/hr
Duty: Continuous

Application: Cogen/Secure Power

Commissioned: January, 2003
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Schematic of Combustion Turbine
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Manufacturer: General Electric
Model: LM6000

Rating: 42 MW

Heat Rate: 10,000 btu/kWh

g"‘l’-ﬂ' Generotor Enclosure Ventilation
| E e Turbine Combustion/Endosure Alr
LPC Bleed Duct

| -~ 1%
Packaged Enclosure for GE 40 MW sl
Gas Turbine Generator Set L= ! ¥

| >

i
—

| e
| =

Enclosure tor 40 MW Gas Turbine-
Generator Set. Source: General Electric Co.
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Schematic of Microturbine
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\__ Y Magnet Rotor

Recuperation (means that heat is transferred via heat
exchanger from exhaust to intake air)
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Capstone 30 kW
50 unit farm at Lopez Canyon, LA
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Capstone 30 kW

(First Generation Design)

IR PowerWorks 70 kW




Capstone 30 kW
Model C30, Natural Gas, Dual-mode
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xhaust Dutlet

Ganerator Cooling Fins

Air Intake Recuperator

Combustion Chamber

Seneratar
Fuel Injectaor

Comprassor

Air Bzarings

Turksine
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Certifications
UL 1741

UL 2200

IEEE 519

CEC Rule 21
NYPSC DG

CARB DG 2003
EPA Exempt
WY DEQ Exempt
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Cé&0 Net Power and Efficiency*
at Ambient Temperature, Sea Level
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Ambient Temperature (F)

MNet Efficiency (%)

Power:
60 kW net (+0/-2)*
83 kVA max @ 480 VAC

Electrical Efficiency (LHV):
28% (+2)*

Heat Rate (LHV):
12,900 kJ (12,200 Btu) / kWh

Exhaust Temp.:
305°C (580°F)

NOx: <9 ppmV @ 15% O,
(<0.49 Ib/MWh)

Fuel:

Natural gas @ 75-80 psig
HHV 849,000 kJ/hr
(804,000 Btu/hr)
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(AR PowerWorks.
70L Series Microturbine

Patented Recuperator

m Critical to high efficiency
® Designed for 80,000-hr life

Patented Combustor

B Dry low NOx

= Easily meets stringent
environmental regulations

Proven Generator Technology

® Well-understood by utilities

m Same technology used by utilities to
power the grid

Integrated Heat Recovery
m Controllable output level
= Small footprint

Fuel-Gas Booster
m Long-life design
m Fully integrated
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@R PowerWorks.
70L Series Microturbine

Power (kWe)

Efficiency (%LHV)

40 60 80 100
Air-inlet ambient temperature

Note - kWe is electrical output at terminals corrected for parasitics, but not including gas-booster power.
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@ PowerWorks www.irpowerworks.com
70L Series Microturbine

Electrical Performance*

Characteristic Specification

Nominal Electrical Power (=5) 70 kW @59°F
Maximum Electrical Power (£5) 92 kW@ 0°F
Voltage 480 VAC
Frequency 60 Hz
Type of Service 3 phase, wye. 4-wire ungrounded
Electrical Efficiency LHV (£2) 28% LHYV including fuel-gas booster
29% LHV without fuel-gas booster
Heat Rate HHV 13.550 BTU/kWh including fuel-gas booster

13.080 BTU/kWh without fuel-gas booster

* At ISO Conditions (59°F @ sea level, 60% RH) unless otherwise noted

Physical
LxWxH Weight

Dimensions 71 x 43 x 87 in 4850 1b
181 x 108 x222cm 2200 kg

Noise T8dBA @ 1 m
58 dBA @ 10m

Fuel Requirements

Characteristic Specification

Input Pressure 4"WC to 75 psig
Heat Content 350 to 2500 BTU/scf
Min Temperature 33°F
Max Temperature 115°F

Emissions (Natural Gas)

Characteristic Specification

NOx <0.15 Ibm/MWh
CO < 0.5 Ibm/MWh

Heat Recovery*

Characteristic Specification

Engine Exhaust Temp 450°F
Exhaust Gas Flow 1.6 Tbm/s
Max Water Flow 30 gpm
Max Water Pressure 125 psig
Max Water Temp 180°F

Suitable for potable applications

* AtISO Conditions (59°F @ sea level,
60% RH) unless otherwise noted
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Schematic of a Fuel Cell
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C. Hydrogen ions move through electrolyte to cathode.
Electrons move into cathode from load
Oxygen is introduced to the cathode.

mMOOI-A>N

B. Electrons are stripped from the hydrogen and flow
through the anode to the external circuit

Electron ——jp

C
A
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H
O
D
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D. Hydrogen ions, electrons, and oxygen
combine to form water (steam)
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Types of Fuel Cells and Characteristics

PHOSPHORIC ACID

Commercially
Available

Fuel

Environmental

Other Features

Commercial
Status

SOLID OXIDE

Fue! Cells Overview

MOLTEN CARBONATE

PROTON EXCHANGE MEMBRANE

PAFC

MCFC

PEMFC

Yes Mo Yes Yes
100-200 Ky 1 kv - 10 bl 250 B - 10 Wiy 3-250 Ky
Natura! A, landfil Matural gas, hydrogen, Matural gaz, Matural gaz, hydrogen,
gas, digester gas, . | )
landfill gasz, fuel il hydrogen propane, diesel
propane
36-42% 45-60% 45-55% 30-40%
- - Mearly zero .
Mearly zero emiszions | Mearly zero emissions . Mearly zero emissions
EMmiEsions

Cogen (hot water)

Cogen (hot water, LP ar
HF zteam)

Cogen (hot wwater,
LP or HP zteam)

Cogen (S0 water)

Zome commercially
available

Likely commercialization
2004

Zome commercially
available

Likely
commercialization
20032004
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Schematic of a Fuel Cell System
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UTC Fuel Cells

A United Technologies Comparny
PC25™ Performance Data
Feature Characteristics
Rated Electrical Capacity o 200 KWEEESE A
Yoltage and Frequency o 4805277 Y B0 Hz, 3 phaze

o 4007230%, 50 Hz, 3 phaze

Fuel Consumgption o Patural gas: 2100 cith @ 4-14" water preszure
* Anaerobic digester gas: 3200 ofthr at 50% CH4

Efficiency (LHY Basis) ® 87% Total: 37% Electrical, 50% Thermal
Emizzions * =2 ppmy CO, =1 prmy NOx and negligible S0 (on 15% 02,
dry basiz)

Thermal Energy Available

Standard: 900,000 Btuhr @ 140F

High hest options: ® 450,000 Btuhr @ 140F
& 450,000 Btuwhe @ 250F
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Fuel Cells Provide Reliable Power to U.S. Postal Service
Facility in Anchorage, Alaska

Set against the Chugach Mountains, five fuel cells supply reliable and clean power to the
USPS facility.

e w o W T

The Mail Processing and Distribution Facility, adjacent
to the Anchorage International Airport, is key to the
Alaska mail system.
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DoD PAFC Fuel Cell Sites

Fort Richardson
Anchorage, AK

a11th Airlift Wing
Pittsburgh, PA

Hational Defense Center for
Environmental Excellence
Johnstown, PA

Watervliet Arsenal
Albany, MY

5. Military Academy
‘Wesl Point, HY

HAS Fallon | 934th Airlift Wing
Fallon, HY Minneapolis, MN J~_ | ™S
B s
Vandenberg AFB el
Lompoc, CA ‘
L
Mellis .I.Fl Kirlland AFB Pine Bluff Arsenal *
.| LasVeqas Albuguergue, HM White Hall, AR
* Jacksonville, AR
CEC Port Hueneme *
Fort Hueneme, CA *
* Barksdale AFB
e x :
MCE Camp Pendleton *
Oceanside, CA ‘
MCAGCC Twentynine Palms El Fase, TX
Twentynine Palms, CA

Westover ARB
Chicopee, MA

U.5. Army Soldier Systems
Center, Halick, MA

Haval Station Hewport
Hewport, Rl

Subase New London
Groton, CT

Picalinny Arsenal
Dover, H)

.5 Haval Academy
Annapolis, MD

Fort Eustis
Hewport Hews, VA

Haval Hospital
HAS Jacksonville
Jacksenville, FL

Davis-Monthan AFE Fort Huachuca Laughlin AFE Waval Oceanographic Office
Tucson, AZ Sierra Vista, AZ el Rio, TX Stennis S5pace Center, M5
KEY: B PC25ASite @ PC25B Site PC25C Site
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GenSys.

ooy 5w wox
PPuliG

maver

FUEL 'CELL SYSTEMS

PRODUCT CHARACTERISTICS

Physical
Performance

Operating Conditions

Certifications

Size (Lx W x H)
Continuous Power Rating
Power Output

Voltage

Power Quality

Emissions

Temperature

Elevation

Installation

Electrical Connection

Fuel

Power Generation

Power Conditioning
Electromagnetic Compliance

5C

84 1/2" x 32" x 68 1/4"
5kWe (9kWth)
2.5-5kWe (3-9kWth)
120/240 VAC @ 60Hz
|EEE 519

NOX <1lppm

SOX <1lppm

Noise <60 dBa @ 1 meter
0°F to 104°F

0 to 8000 feet
QOutdaoor

Grid Parallel

Natural Gas

CSA International

uL

FCC Class B

4c

2.5-4kWe (3-9 kWth)
100/230 VAC @ 50Hz
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FIJ'EL CELL SYFSTEMS

plug pizwer IR

1 Fuel Processing Module
converts natural gas into hydrogen.

2 Power Generation Module
combines hydrogen with air to create DC power.

R e e ik Rt ol S

3 Power Electronics Module
converts DC power to AC power for use in
residential or commercial applications.

4  Energy Storage Module
ensures continuity of power during system transients.

d
I-,

5 Thermal Management Module
optimizes system performance and provides heat
for use in the facility.
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DoD PEM Fuel Cell Sites

McChord AFB m:lﬂd
McChord AFB, WA . WA
f: i AMNGE Watervliet Arsenal | |Saratoga Springs MSLU
== w‘”ﬁiﬂp AMGB, M1 | | Waterviiet, NY Saratoga Springs, NY
e r Vest Point Military fcadeny

P West Point, NY

USCG Aids to Navigation Team
Bristol, Rl

=] MAS Patuxent River
Patuxent River, MD

)
*
*

ERDC/CERL
Champaign, IL Ft.Bragg
TR Fort Bragg, NC
MCAS Cherry Point
O e i
MNCAET University

Shaw AFB, 5C

Barksdale AFB
Bossier City, LA
Ft. Jackson

Brooks AFB A ™
San Antonio, TX A 1 Columbia, SC
Ft. Gordon

Adanta, GA %
Georgia IFROTC is b Greenshoro, HC
{ ]

Coast Guard Station

Mew Orleans o G, A
Metairie, L Stennis Space Center, M5 | Pt bin: AFB

Robins AFB, GA

KEY: O FYO0I Site FY02 Site
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DoD PEM Fuel Cell Performance

Fuel Cell Pefdformance

Officers” Quarters (4 units) : 01/15/2002 - 01/21,/2003

Cummulative Operating Hrs 32 493 Hours Capacity Factor A46%:
Total Electric Output 81,362 kKWh  Awvailability 91 %
Avyg. Output for Site 10.0 kv Electrical Efficiency 23.3%

Research Facility (3 units) : 01182002 - 01212003

Cummulative Operating Hrs 25 417 Hours Capacity Factor 51%
Total Electric Output B3, 187 kWWh  Awvailability S5 %
Avyg. Output for Site .0 kWY Electrical Efficiency 25.4%

Manufacturing Facility (3 units) : 01/18/2002 - 01:21/2003

Cummulative Operating Hrs 25 0965 Hours Capacity Factor 49%
Total Electric Output b5 003 kWwh  Awvailability H5%
Avyg. Output for Site 7.8 kW Electrical Efficiency 24.1%
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Schematic of a PV System
1000 Watts Light Energy
'\

SUN

12 to 50 Volts DC for most

>sma|ler systems
400-600 Volts DC for most large
130 Watts dc 3 phase systems > 100 kW

AC Power
Single Phase

120/240 V, 60 Hz
or

Three Phase
120/208 V or
277/1480V , 60 Hz

90-95%
Efficient

/

118 - 125 Watts ac
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Lake Mead formed by Hoover Dam
has an area of 640 km2. The dam
has a capacity of 2,080 MW. If the
same area was covered with 15%
efficient solar modules, the peak
solar output at noon could be at
least 60,000 MW!

This includes a large margin for DC-AC inverter
loss and the spacing between PV array rows
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Schematic of a Wind Turbine
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|
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A 4
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% L 6 pole IGBT = [T~ 20 AC Output

e : T inal
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Contactor N
| 0]
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| 1
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New Mexico Wind
Energy Center

eed 110 feet in length.

20 miles northeast of

way and DeBaca
counties. It is about 170 miles from albuguergque and

' and LS, 84,

The wind center will have : - output of about
200 megawatts of electricity, or about 1.5
megawatts per turbine. The turbines require 2 mph

winds to produce electricity and will continue to
produce electricity in winds up to 55 mph.
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New Mexico Wind
Energy Center
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Commercial Readiness and Manufacturers

400 =1 120

350 |-
-1 100

300 [
250 |- 180
200 |- 60
150 |- |
& 40
100 [
50 |- K
. ==

Vestas V66  Statue of Zond Z-50 Carter 300 Bergey Two-
(1.65 MW) Liberty (750 kW) (300 kW)  Excel story
(10 kW) house

Height (ft)
Height (m)
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Schematic of a Battery/Energy Storage System

k

J

Monitors and AC Transformer

Controls )
Storage Device Power Conversion System
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2

Cost

Requirearnant,
Meed Gas Fuel

Storage Main Advantages Disadvantages Power Energy
Technologies (relative) (Relative) Application | Application
Purnped High Capacity, Low Special Site
Storage Cost Requirerment
CAES High Capacity, Low Special Site

Flow Batteries:

High Capacity,

Low Energy Density

Densities, Efficiency

PSR Independent Power 0
YRE and Energy Ratings
ZnBr
Metal-Air Wery High Energy Electric Charging iz
Density Difficult
Mag High Power & Enargy Production Caost,
Censities, Safety Concernsz
High Efficiency [addreszzed in
design)
Li-ion High Power & Energy | High Praduction
Densities, High Cost,
Efficiency Requires Special
Charging Circuit
Hi-d High Power & Enargy

Other Advanced

High Power & Enargy

High Production

OO |0Olel O | @ @ & 0@

Batterias Censities, Cost
High Efficiency
Lead-fcid Low Capital Cost Limited Cucle Life
when Deeply
Discharged
Flywheeals High Paower Low Energy density
SMES, DDSMES High Power Low Energy Density,

High Production
Cost

E.C. Capacitors

Long Cycle Life,
High Efficiency

Low Energy Density

-

Mone

Fully capable and
reasonable

Reasonable for this
application

Feasable but not quite
practical or economical

Mot feasable or
econamical
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Energy Storage Applications/Capabilities

g Compressed
o Metal-Air ; Air
T | [ e
% NAS Battery
E Advanced
ﬁ Batteries
"2
= O
Q£
£ - o,
= o High Energy o ’7/’ QQ QJ,
S | Fly Wheel ., 2 e
.E = y eels (gs" O ,})s
© = O Q Q& 2
= NG S ¢
) N Q/iﬁ, QIL
T Q
3
® Low Energy Fly Wheels | SMES |
1 kW 10 kW 100 kW 1MW 10 MW 100 MW
Power Rating




Urenco Flywheel System

Qutput Power

0-12,000rp.m

Minirmum 10 million

mMaintenance Mone for rotating pars




Using Distributed Energy Resources

A How-To Guide for Federal Facility Managers

Table 2. Summary of Cost and Performance Parameters for Distributed Generation Technologies

Heat .
Size Installed Rate Approx. | ¥ariable Emissions?
Technology Range Cost (BTU/ Efficienc 8™ {lb/kwh)

kW kvt g kwh

(kW) ($/kW) kWh.) ¥ (%) |{$/ h) ST CO,
Diesel Engine 1-10,000 250-200 7,800 45 0.025 o.017 1.7
Matural Gas
Engine 1-5,000 450-1,100 9,700 35 0.025 0.00549 0.97
Matural Gas
Engine wy/ CHP® 1-5,000 575-1,225 9,700 35 0.027 0.0059 0.97
Dual Fuel Engine | 1-10,000 625-1,000 Q.,200 a7 0.023 0.01 1.2
Microturbine 15-60 950-1,700 12,200 2a 0.014 0.00049 1.19
Microturbine wf
CHP = 15-60 1,100-1,850 | 12,200 25 0.014 0.00049 1.19
Combustion 300-
Turbine 10,000 550-1,700 11,000 a1 0.024 o.0o01z 1.15
Combustion 300-
Turbine wf CHP *© 10,000 F00-2,100 1,100 31 0.024 o001z 1.15
Fuel Cell 100-250 5,500+ &,850 S0 0.01-0.05 | 0.000015% 0.85

Lirmited by

Photovoltaics Available

Space | 7,000-10,000 = M/ A 0.002 0 0
Wind Turbine 0.2-5,000 | 1,000-3,000 == Mo 0.01 ] ]
Battery 1-1,000 1,100-1,300 -- 70 0.01 4 4
Flywheel Z2-1,600 400 -- 70 0,004 d d
SMES F50-5,000 a00 == 70 0.0z d d
Hybrid Systems 1-10,000 § = = = = =
® Mationwide utility averages for emissions from generating plants are 0,005 IbAswh of WO, and 1.2
IbAkwih of SO,
“The high end of the range indicates costs with NO, controls for the most severe emissions limits
internal combustion technologies anly,
[ although the electric conversion efficiency of the primme mover does not change, CHP significantly
improves the fuel utilization efficiency of a DER systern.
[ Storage devices have wirtually no ernissions at the point of use, Howewver, the emissions associated
with the production of the stored energy will be those from the generation source,
" Same as generation technology selected.
" 8dd cost of component technalogies.
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References and Websites

Combined Heating, Cooling and Power Handbook: Technologies and Applications, by Neil Petchers. Fairmont Press,
Inc.; 2003

Small is Profitable — The Hidden Economic Benefits of Making Electrical Resources the Right Size. By Amory B. Lovins,
et al.; 2002

Websites:

FEMP Publications: http://www.eere.energy.gov/femp/information/download pubs.cfm

Capstone Microturbines: http://www.microturbine.com/

Ingersoll Rand, PowerWorks Microturbines: http://www.irpowerworks.com/

United Technologies 200 kW Fuel Cells: http://www.utcfuelcells.com

Anchorage, AK, Postal Facility Fuel Cell Project: http://www.eere.energy.gov/femp/pdfs/usps fuel cells.pdf
DoD PAFC and PEM Projects: http://www.dodfuelcell.com/

Plug Power 5 kW GenSys PEM Fuel Cells: http://www.plugpower.com/products/

Public Service Company of New Mexico (PNM) Wind Energy Project: http://www.pnm.com/systems/nmwec.htm

Electricity Storage Association: http://www.electricitystorage.orqg/

Caterpillar Flywheel UPS: http://www.caterpillar.com/industry solutions/shared/electric power/cat UPS/cat UPS.html

Caterpillar Recip. Engines:
http://www.caterpillar.com/products/engines n power systems/shared/electric power/electric power.html

URENCO Flywheel Systems: http://www.urenco.com/other products.htm

Power Quality 2.5 MW/30 sec S and C PureWave System: http://www.sandc.com/edocs_pdfs/edoc_001731.pdf



